In this study, 1010, 1040, 1050 and 1090 carbonized steels were investigated against gamma radioisotope sources on their gamma attenuation properties. Co-60, Cs-137 and Ir-192 gamma radioisotopes which are commonly used in industrial applications were used in the experiments. Half-value layers were carried out for studied carbonized steels against all studied gamma radioisotopes. In addition, the linear and mass attenuation coecients were determined for each carbonized steels at dierent gamma radioisotope sources. The theoretical mass attenuation coecients were calculated from XCOM computer code for all samples at specic energies of Co-60, Cs-137 and Ir-192 gamma sources. The theoretical and experimental results were compared with each other.
Introduction
Plain-carbon steel is the most known form of steel, because it provides material properties that are acceptable for many applications. Low carbon steel contains approximately 0.050.15% carbon and mild steel contains 0.16 0.29% carbon, making it malleable and ductile [1] . The density of plain-carbon steel is approximately 7.85 g/cm 3 and the Young modulus is 210 GPa [2, 3] .
Radiation shielding is based on the principle of attenuation, which is the ability to reduce a wave's or ray's eect by blocking or bouncing particles through a barrier material. Charged particles may be attenuated by losing energy to reactions with electrons in the barrier, while X-ray and gamma radiation are attenuated through photoemission, scattering, or pair production. Therefore, shielding is important during the radiation working. It is necessity closing to the radiation source door working period when studying with radiation. It is caused by the using of shield for taking the doses at the permissible levels. Steels are used frequently in radiation shielding systems.
Usually carbonized steels which include 1010, 1040, 1050, and 1090 steels are preferred in radiation shielding equipments. In this study, 1010, 1040, 1050 and 1090 carbonized steels were investigated against gamma radioisotope sources on their gamma attenuation properties.
Experimental procedure
Four dierent plain-carbon steel specimens, with the alloy ratios shown in Table I were prepared in plate form at dierent thicknesses with 0.5, 1.0, and 2.5 cm [4] . The samples, which were produced by experts, were 1010, 1040, 1050, and 1090 according to SAE-AISI system.
For the experiments, three dierent gamma radioisotope sources were used for the experiments which are * corresponding author; e-mail: buyukbu@itu.edu.tr The gamma transmission technique [5, 6] and gamma absorption technique [7] are used for materials evaluation for determination of materials attenuation properties against gamma radiation. The gamma transmission technique was used in the evaluation of gamma attenuation in the plain-carbon steels. The technique based on penetrating and transmitting the samples [4] . A T-shaped cylindrical lead collimator was used to provide a parallel beam and to eliminate the surrounding scattering. The source was housed on the same axis with (469) collimator and the steel specimens were placed against the gamma source and also collimator hole. A 2 inch diameter NaI(Tl) scintillation detector, which has high detection eciency, was used for measuring the gamma spectra. The electronics consisted of a high-voltage supply and multi-channel analyzer system. The experimental setup can be seen in Fig. 1 . Fig. 1 . Experimental setup.
The experimental geometry is important for the reliability of the technique [8] . Therefore, narrow-beam geometry was used during the experiments. The count rates were measured in the same geometry for all samples, and the net counting rates were determined subtracting the background counts from the measured counts. Each data set was recorded during a counting time of 600 s. Experiments were repeated at least three times and the average net count rates were calculated for each analysis.
Theoretical attenuation was calculated using the following equation:
f i represents of abundance of i-th energy peak of the gamma source, g is the alloy ratio, µ j is the j-th alloy element, N is the peak number, p is the alloy elements number, and x is the thickness of the sample [9] . In addition of it, XCOM computer code [10] also was used for calculation for the mass attenuation coecients. Additionally, the half value layer (HVL) was calculated as follows (µ is the mass attenuation coecient):
Experimental results
Results for plain-carbon steels as 1010, 1040, 1050, and 1090 are given in Table III . Figure 2 shows the results of the attenuation through the 1010, 1040, 1050, and 1090 steels for dierent gamma sources, respectively, by using the value of Table II . Figures 3 and 4 show the results for the steel specimen.
The results for half value layers can be seen in Table IV comparatively by using experimental and theoretical linear attenuation coecients. Average and absolute erors were also given in Table V. From Table II the linear attenuation coecient of the samples were calculated by using origin program. Linear attenuation coecients of 1010, 1040, 1050, and 1090 plain carbon steels were listed in Table IV.   TABLE IV Linear attenuation coecients of 1010, 1040, 1050, and 1090 plain carbon steels against Cs-137, Co-60 and Ir-192 gamma radiation sources.
Steel
Linear attenuation coecient [cm The curves obtained from the experiments with the plain-carbon steels as 1010, 1040, 1050, and 1090 alloys, for Co-60, Cs-137 and Ir-192 gamma sources in Fig. 2 are appropriate perfectly to each other. The same appropriation was also obtained for four dierent plain-carbon steels in Figs. 3 and 4 . The curves of the low-carbon steels are at the uppermost side, inversely the proportionally high-carbon steels are at the bottom. In addition, the curves within themselves are lined up from low-carbon steel to high-carbon steel in the same array as the calculated mass attenuation coecients. These results are good and conform to the expectations. Thus, if the carbon value is low then the count rate goes up; therefore, the curves of those samples are in upper positions in the graphs. Inversely, when the carbon value is high, the count rate falls and the curves lie lower in the graph. Table III compares the experimental and theoretical half-value layers which were calculated experimental and theoretical linear attenuation coecients for four plain-carbon steels. The results appear to be satisfactory and the error values are between 7 and 10.25%. The errors came from the impurity in the specimens. Therefore, it can be said that the calculated results also agree with the experimental results. 
